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Description of the Invention 

1. Name of the Invention 

Electret 

^ 2. Scope of the Claims 

(1) Electret, which is obtained by the electretization of polyolefin, which has been 
modified by at least one type or more of monomers selected from the group of 
unsaturated carboxylic acids or their derivative compounds. 

3. Detailed Explanation of the Invention 

The present invention is an invention about an electret with improved electrical charge 
long term holding properties. Electrets have been used in microphones, speakers, 
cartridges etc., audio elements, and applications in friction measurements, deformation 
measurements, etc., measurement elements, non-contact point switches, dust-proof filters, 
etc., memory elements etc., have been investigated. Also, in recent years, the application 
of the polymer electret films for temporary bone increase etc., medical field applications, 
has expanded. 

In the past as the electret base (substrate) material, polyethylene, polypropylene, poly-4- 
methyl -1- pentene, etc., polyolefin type resins have been studied, however, because of 
the fact that their polarization decreases relatively quickly, their practical usefulness 
properties have been poor. 

The present invention is an invention where studies with a goal of improving the 
electrical charge long term holding properties, have been conducted, and as a result from 
that, it is an invention about the material which allowed the achievement of this goal, 
which is an electret, obtained by the electretization of polyolefin, which has been 
modified by at least one type or more of monomers selected from the group of 
unsaturated carboxylic acids or their derivative compounds. 

The modified polyolefin used as the electret substrate material according to the present 
invention can be obtained as at least one type or more of monomers selected from the 



group of unsaturated carboxylic acids or their derivative compounds, is compounded to 
the raw material polyolefin, or then it is heated, etc., and by that one part or all of the raw 
material polyolefin is graft copolymerized. 

As the raw material polyolefin, there are the ethylene, propylene, butene, iso-butene, 
pentene, iso-pentene, 4-methyl-l- pentene, etc., a-olefin homopolymer materials, and the 
copolymer materials obtained from two or more types of these materials, for example, 
there the following materials: polyethylene, polypropylene, poly- 1 -butene, poly-4- 
methyl-1- pentene, ethylene-propylene copolymer material, ethylene - butene copolymer 
material, ethylene -4-methyl-l -pentene copolymer material, propylene -1- butene 
copolymer material, 4-methyl-l -pentene- 1-decene copolymer material, etc., and then, 
there are the copolymer materials, obtained from th e q-olefins and another polymerizable 
monomer material, for example, vinyl acetate, vinyl propionate, etc., unsaturated esters of 
carboxylic acids or their saponified compounds, acrylic acid , methacrylic acid, maleic 
acid etc., unsaturated carboxylic acids or their anhydrides, esters, amides, imides, 
chlorides etc., monomers, butadiene, dicyclo pentadiene, ethylidene noruborunene, etc., 
conjugated or non-conjugated diene monomers etc., and it is also possible to use mixed 
materials obtained from two or more types of these materials. 

As the unsaturated carboxylic acid, which is used for the modification of the raw material 
polyolefin, there are the following materials: acrylic acid, methacrylic acid, maleic acid, 
fumaric acid, itaconic acid, etc., and also, as the derivative materials of these unsaturated 
carboxylic acids, there are the following materials - acid anhydrides, esters, amides, 
imides, metal salts etc., for example, it is possible to use maleic acid anhydride, 
citraconic acid anhydride, itaconic acid anhydride, himic acid anhydride (5-noruborunene 
- 2, 3-dicarboxylic acid anhydride material), tetrahydro anhydrous phthalic acid, methyl 
acrylate, ethyl acrylate, methyl methacrylate, butyl acrylate, glycidyl acrylate, glycidyl 
methacrylate, maleic acid monomethyl ester, maleic acid diethyl ester, acrylamide, 
maleic acid monoamide, maleic acid diamide, maleic acid -N-monoethyl amide, maleic 
acid - N, N- diethyl amide, maleic acid - N - monobutyl amide, maleic acid - N, N- 
dibutyl amide, fumaric acid monoamide, fumaric acid diamide, fumaric acid - N - 
monomethyl amide, fumaric acid - N, N - diethyl amide, fumaric acid - N - monobutyl 
amide, fumaric acid - N, N- dibutyl amide, maleimide, N-butyl maleimide, N-phenyl 
maleimide, etc., and these can be used individually as one type compound or they can be 
used as a combination of two or more types of materials. 

As the method for the modification of the raw material polyolefin by the above described 
monomer material, it is possible to use the different types of well-known methods. For 
example, there is the method where the raw material polyolefin and the monomer are 
mixed with or without the presence of a solvent agent, or under heat, or there is the 
method where by heating with or without the addition of a radical polymerization 
initiation agent the material is heated and by that the monomer is graft copolymerized 
onto one part or all of the raw material polyolefin; and it is also a good option if during 
the reaction, there is also another vinyl monomer such as styrene, etc. present. 
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The concentration of the monomer material in the modified polyolefin material can have 
different values, however, especially, it is preferred to be within the range from 10" 4 to 
100 weigh %, and the optimum range is from 10' 2 to 10 weight %. From manufacturing 
technology point of view it is preferred that in advance a modified polyolefin material 
with a concentration from 10 to 50 weight %, is prepared, and after that, this modified 
polyolefin material is mixed with non-modified polyolefin material, and the desired 
modified polyolefin material is obtained; however, there is no problem if from the 
beginning the predetermined amount of monomer material is compounded into the 
polyolefin material. 

Also, the modified polyolefin material can be preferably compounded into different raw 
material polyolefins. Namely, polyethylene wax, modified polyethylene wax, modified 
low density polyethylene, modified polypropylene with relatively high monomer 
concentration, can also be compounded correspondingly into poly-4-methyl-l-pentene, 
high density polyethylene etc. Here, regarding the wax material, it is a polymer material 
where the viscosity average molecular weight is from 400 to 15,000, the cure degree (IIS- 
K-2530 penetrometer) is from 0 to 50. 

It is also a good option if polyamide, polyester, polycarbonate, ionomer resin, polyvinyl 
acetate, polystyrene, ABS resin, acrylic resin, vinyl chloride resin, petrol resin, rosine, 
natural rubber, fluorinated resin, etc., are also contained in the modified polyolefin 
material, depending on the requirements. Also, depending on the requirements, and to the 
extent that the properties of the modified polyolefin material are not hindered, it is 
possible to compound other additives, like for example, process oil, plasticizer, organic or 
inorganic filler material, dye material, pigment material, seeding agent, die release agent, 
flame retardant agent, electrical voltage stabilization agent, anti-oxidation agent, 
ultraviolet light absorbing agent, etc. As examples of those, there are the following 
materials: magnesium oxide, magnesium hydroxide, talc, barium sulfate, gypsum, 
calcium carbonate, magnesium carbonate, clay, silica, hydrotalcite, jitania, mica, glass 
power material, glass fiber, wood powder, Vinylon fiber, synthetic wood fiber, etc. These 
additives can be compounded prior to or after the modification of the polyolefin material. 

The modified polyolefin can be electretized according to the different method that are 
well-known from the previous technology, for example, according to the thermal 
electretization method, the radio-electretization method, the mechano-electretization 
method, etc. 

The electret according to the present invention is formed in a fiber shape, film sha pe*, 
tubular shape, fine pipe shape, etc., different shapes, or then it can be made into woven or 

nonwoven fabric material, and also, it can be used as a stacked layer or cover laye iibL 

other resin s. The * IftctreH-zatmri can be condu ctecLat the same time as each of the stages 
o f these forming processes, and also, depending on the target, it c anjb^onducted^ before 
or after these processes. ~ - 

Because of the fact that the electret according to the present invention has improved 
electrical charge long term holding properties, it can be used in a wide range of 
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applications, beginning with microphones etc., audio elements, measurement elements, 
different types of filters, memory elements, then medial field applications, etc. 

Here below, practical implementation examples are presented. 

Reference Example 1 

High-density polyethylene (HDPE) with a melt flow index (MI) of 0.9, density of 0.954 
g/cm3, was used and a 50 micron thick T-die film was formed. 

This film was placed in the space between a pair of electrodes, and a direct current 
voltage of O kV was applied, and after that it was heated from room temperature to a 
temperature of 120oC, and after 2 minutes the heating was terminated, and it was 
coercively cooled, and after that the application of the direct current electric voltage was 
terminated, and an electret was manufactured. 

The surface electric potential of this electret was -1800V, immediately after the 
manufacture, and especially, after this was stored for a period of 7 days in an air 
environment at a temperature of 250oC and relative humidity, RH, of 60 - 70 %, it 
became almost zero. 

The surface electric potential was measured by a rotary sector type surface electric 
potentiometer. 

Reference Example 2 

Isotactic polypropylene (PP), with an MI of 7, and a density of 0.91 g/cm3, was formed 
into a 50 micron thick T-die film. 

This film was electretized the same way as described according to the above Reference 
Example 2, and its surface electric potential was measured. The results are shown 
according to the presented in Table 1. 

Practical Example 1 

5 weight % of acrylic acid grafted PP, obtained as 7 weight % of acrylic acid was grafted 
onto the PP used according to the above Reference Example 2, and 95 weight parts of 
non-modified polypropylene (PP), were mixed, and at a temperature of 220oC this was 
granulated, and after that it was formed into a 50 micron thick T-die film material. 

Relative to this film material, the same way as described in the above Reference Example 
1, electretization and surface electric potential measurements, were conducted. The 
results are shown according to the presented in Table 1. 
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Practical Examples 2-20 



Non-modified polyolefin (non-modified PO) and modified polyethylene (modified PO) 
were mixed according to the cases shown in Table 1, and the same processes were 
conducted as described in the Practical Example, and the obtained results are shown 
according to the presented in Table 1. 

Table 1 



Headings in Table 1 : 

1. Reference Examples, 2. Practical Examples, 3. non-modified PO, 4. 

Modified PO, 5. type, 6. blend weight ratio, 7. type, 8. graft ratio, 9. blend 
weight ratio (non-modified PO/ modified PO), 10. surface electric 
potential, 11. directly after application, 12. after 7 days, 13. acrylic acid 
grafted PP, 14. methacrylic acid grafted HDPE, 15. maleic acid grafted 
PP, 16. anhydrous maleic acid grafted HDPE, 17. fumaric acid grafted PP, 
18. anhydrous itaconic acid grafted PP, 19. anhydrous citraconic acid 
grafted PP, 20. himic acid grafted PP, 21. tetrahydro anhydrous phthalic 
acid grafted PP, 22. methyl acrylate grafted PP, 23. methyl methacrylate 
grafted PP, 24. acrylamide grafted PP, 25. methacrylate amide grafted PP, 
26. maleinic acid amide grafted PP, 27. fumaric acid amide grafted PP, 28. 
sodium acrylate grafted PP, 29. Zn acrylate grafted PP. 



Headings in Table 1 Continuation: 

1 - 12 are the same as in the above, 30. maleimide grafted PP, 31. N-phenyl maleimide 
grafted PP, 32. glycidyl methacrylate grafted PP. 

(Remarks) 

HDPE - high density polyethylene 
PP - polypropylene 

Graft ratio - the weight % of the graft copolymerized monomer material contained in the 
modified PO material. 

Patent Assignee: Mitsui Petro-Chemical Company 

Translated byAlbena Blagev ((651) 735-1461 (h), (651) 704-7946 (w)) 
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